Soybean protoplasts, isolated from liquid suspension culture, were successfully infected with cowpea mosaic virus (CPMV) and with southern bean mosaic virus (SBMV). Poly-L-ornithine (PLO) was required for infection with either virus. As detected by fluorescent antibody, 70 to 9o % of the protoplasts were infected by CPMV when the inoculation medium contained o'4 M-sorbitol, o'5/~g virus/ml, 2"5/zg PkO/ml, IO raM-potassium phosphate buffer, pH 6.3, and o'5 mM-CaCI~, and inoculation was performed at 23 °C. This maximum level of infection was decreased sixfold when CaC12 was omitted. Inoculation at temperatures below l o °C also decreased infection substantially. With SBMV a maximum of 3o to 35 % of the protoplasts were infected when o'4 M-sorbitol, 2 to 2"5/~g virus/ml, 2 #g PLO/ml, ro mm-tris-HC1 buffer, pH 8.o, I mM-MgSO4 and 0. 5 mM-CaC12 were present in the inoculum. Less than 5% of the protoplasts were infected when magnesium and calcium salts were omitted. The major advantage of the use of soybean cell suspension culture for plant virus studies is that it can provide a reliable and continuous source of cells for protoplast isolation. These soybean protoplasts allow synchronous infection and replication under sterile conditions without antibiotics and also a high degree of reproducibility.
INTRODUCTION
Studies of plant viruses have been greatly advanced by the introduction of techniques for the inoculation of plant protoplasts (Cocking, I966; Takebe & Otsuki, I969) , allowing for the synchronous infection of a large percentage of cells. However, protoplasts for these studies have almost exclusively been isolated directly from leaves of greenhouse-grown plants, and problems of non-uniformity of tissue and microbial contamination of isolated protoplasts inevitably arise (Kubo et al. 1975) . Preliminary work by Takebe 0978) with Vinea suspension culture indicated the feasibility of using tissue culture as an alternative source for isolation of protoplasts suitable for virus studies. It appeared desirable to develop such a system utilizing an easily maintained tissue culture source from which protoplasts could be isolated and reproducibly infected, thereby eliminating the problems of contamination and much of the non-uniformity of cell source.
Liquid suspension cultures of soybean are appropriate for this use for the following reasons. Viable protoplasts may be readily isolated from soybean cell cultures (Constabel, 1975) . Soybean is susceptible to over 5o plant viruses (Sinclair & Dhingra, I975) including cowpea mosaic virus (CPMV) and southern bean mosaic virus (SBMV).
CPMV has been shown to infect tobacco (Huber et al. I977) , cowpea (Hibi et al. ~975; Beier & Bruening, x975, I976) and bean (Lesney & Murakishi, 1979a ) mesophyll protoplasts, and SBMV shown to infect soybean callus culture (Wu & Murakishi, I978, 1979) . The present study was undertaken to determine conditions under which soybean protoplasts, isolated from liquid suspension culture, could be infected with CPMV and SBMV. A preliminary report (Jarvis & Murakishi, I978) of SBMV infection of soybean protoplast was presented.
METHODS
Purification of CPMV. The Sb strain of CPMV, donated by Dr G. Bruening, Department of Biochemistry and Biophysics, University of California, Davis, was propagated in Vigna sinensis cv. Blackeye. Infected leaves were triturated in o.I M-potassium phosphate buffer, pH 7"o, 1.5 ml per g of tissue in a Waring blender at 4 °C. The homogenate was clarified using the n-butanol-chloroform technique of Soong & Milbrath (1975) . Virus was precipitated and purified according to the polyethylene glycol-NaCl procedure described by van Kammen 0967), and was freed of micro-organisms by passage through a sterile ultrafine Corning sintered glass filter.
Purification of SBMV. The bean strain of SBMV was propagated in Phaseolus vulgaris cv. Bountiful. SBMV purification was accomplished according to the above procedure used for CPMV isolation with the following modifications. Leaf tissue was triturated in o.z Mpotassium phosphate buffer, pH 7"5. Virus was precipitated using o.2 M-NaC1 and 6 % (w/v) polyethylene glycol. Further purification was accomplished by differential centrifugation as described by Shepherd & Fulton (1962) . The preparation was cleared of brown pigments by passage through a z x 7 cm column of DEAE-cellulose and freed of micro-organisms as with CPMV.
Culture initiation. Callus cultures of soybean (Glychw max. cv. Harosoy 63) were initiated from hypocotyl sections on R 3 agar medium (Christianson, 1979) as described by Wu & Murakishi 0978) . Six to eight weeks after initiation, sections of callus were transferred to Erlenmeyer flasks containing liquid medium identical in composition to R3 except that the 2,4-D concentration was I rag/1 and the IAA was omitted (R3A medium). Flasks of cell suspension were placed under continuous light of 861 lux from Gro-Lux (Sylvania, Danvers, Mass., U.S.A.) fluorescent lamps at 23 + I °C on a rotary shaker at 80 rev/min (amplitude 2"5 cm). After several weeks, a rapidly growing culture was selected and was maintained in liquid medium for I year prior to use as a protoplast source. The culture was maintained by transferring ~ ml of culture per 5 ml fresh medium every 4 days. Cultures 36 to 48 h from transfer, which represented the first doubling time, yielded protoplasts which could be infected with a high degree of reproducibility.
Protoplast isolation. All manipulations of cultured cells and protoplasts, excluding assays, were performed under sterile conditions in a laminar flow hood. Protoplast isolation was accomplished using a modification of the procedure outlined by Constabel (1975) . Cultured soybean ceils were washed once by settling and resuspending in fresh medium. After resettling for IO rain, the supernatant fluid was removed and Driselase at 2% (Kyowa Hakko Kogyo Co., New York., U.S.A.), t°,,'o Macerase and 2°,o Cellulysin (both Calbiochem, La Jolla, Calif., U.S.A.) in o'4 M-sorbitol, pH 6"o, were added in a volume equal to the settled cell volume (T. Nagata, personal communication). The sorbitol concentration was o'4 M in the enzyme mixture which caused a slight plasmolysis of protoplasts and aided in their release from the cells. The digestion medium was centrifuged at Ioooo rev/min for Io rain and then sterilized by passing through a o'45/~m Metricel GA-6 filter (Gelman Instrument Co., Ann Arbor, Mich., U.S.A.) prior to use. The cell-enzyme mixture was incubated in thin (2 to 3 ram) layers in the dark for 2. 5 h at 27 °C with reciprocal shaking at 3o excursions per rain (amplitude of 3"5 cm). Subsequently, protoplasts were washed twice by centrifugation at loo g for 4 rain, resuspended in o'3 M-sorbitol and passed through a 75/~m mesh stainless steel screen. Cell concentration was determined by using a haemocytometer. Protoplast yield was 3 × Io6 to 5 × IOn protoplasts/ml of original settled cell volume.
Protoplast inoculation. Unless otherwise specified, inoculation was accomplished by the following modifications of the procedures ofTakebe & Otsuki 0969) and Motoyoshi et al. 0974 ). Inoculation medium was prepared and allowed to pre-incubate for lo rain at 25 °C. Protoplasts were pelleted and resuspended in 5 ml of inoculation medium and immediately diluted with 5 ml of 0"3 M-sorbitol, giving the following concentrations: 2 × io 5 to 5 x To s protoplasts/ml, 5/~g CPMV/ml, 1"5/~g poly-L-ornithine (PLO)/ml, To mM-potassium phosphate buffer, pH 6"3, o'3 M-sorbitol and o'5 mM-CaCI2 for CPMV inoculation, or 2 x lO 5 to 5 x io 5 protoplasts/ml, 5//g SBMV/ml, 2/~g PLO/ml, To mM-tris-HC1 buffer, pH 8"o, o'3 M-sorbitol, and half-strength Linsmaier and Skoog salts (Linsmaier & Skoog, I965) for SBMV inoculation. The suspension was incubated for 20 rain at 23 °C, the protoplasts washed three times by centrifugation at l oog for 4 min and resuspended in 0"3 M-sorbitol plus Io mM-CaCI~. The last resuspension was made in culture medium J (Table t) and the protoplasts were incubated in I5 x loo mm Petri plates, 7 ml/plate, at 23 + I °C in diffuse room light. Protoplast viability after 48 h was 65 to 75 °'o as determined by the presence of cytoplasmic strands and 75 to 85°"o as determined by Evans' Blue dye exclusion.
Infectivity assay. At specified times following inoculation, protoplasts from 5 ml aliquots were harvested, stored and assayed on ?haseohls vulgaris cv. Pinto according to the procedure of Huber et al. 0977 ) except that the sample was resuspended in o.oz M-potassium phosphate buffer, pH 7"o, before freezing.
Fluorescent antibody preparation and staining. Rabbits were injected subcutaneously with T mg of CPMV emulsified in Freund's incomplete adjuvant (Difco Laboratories, Detroit, Mich., U.S.A.). A total of three injections were administered at 2 week intervals and 8 days after the last injection, the rabbits were bled. After clot formation, serum was decanted and frozen at -25 °C until use. Gamma globulin was isolated and conjugated with fluorescein isothiocyanate (FITC) according to the procedure of Spendlove (1967) . The conjugated globulin titre was 1/512 as determined by the tube precipitin test (Ball, 1974) . The FITC: protein ratio of the preparation was calculated to be 1.6. For protoplast staining, the preparation was diluted i/2o with o-oT M-phosphate-buffered saline solution.
SBMV gamma globulin was prepared in the same manner. The conjugated globulin titre was I/51 z and the FITC :protein ratio was I "I 5. A I / 16 dilution of the preparation was used for staining protoplasts. For determining the percentage of virus-infected cells, protoplasts were sampled after specified inoculation periods and stained using the procedure of Otsuki & Takebe 0969). Samples were examined for fluorescence under a Zeiss GFL microscope (epi-illumination) equipped with exciter filter KP-49o and LP-445, dichroic reflector 51 o and barrier filter 52o. 
RESULTS

Rate of virus increase
The time course of virus infection of the protoplasts was determined by following accumulation of virus antigen and increase in infectivity of protoplast extracts. CPMV-infected protoplasts showed a bright, diffuse fluorescence, first detected in 6 % of the viable protoplasts at 17 h. Virus infectivity was first detected in CPMV-infected protoplasts at 15 h, rapidly increased to el h and levelled off (Fig. 1 a) .
Fluorescence in SBMV-infected cells was first found at 22 h and was characteristically in discrete points, in contrast to the diffuse fluorescence observed in CPMV-infected protoplasts. The percentage of infected cells increased sporadically to 28 % at 48 h (Fig. I b) . The infectivity curve was similar to that of CPMV. Local lesions first appeared from the [ 5 h sample and by 24 h the amount of infectious virus levelled off.
Conditions affecting the infection of soybean protoplasts by CPMV and SBM 7 Buffer
Buffering of the soybean protoplast preparation during inoculation was found to be necessary to obtain infection with both CPMV and SBMV. Four buffer solutions were tested for their effect on CPMV infection: potassium citrate, tris-HC1, MES and potassium phosphate (Table 2, Expt. l). Only potassium phosphate (pH 6.3) gave a large percentage of infected cells. None of the other buffers gave workable levels of infection and potassium citrate was somewhat toxic to protoplasts. Fig. 2 shows the relationship between pH of phosphate buffer and the percentage of CPMV infection. Peak infection of 6o o~ occurred at pH 6"3 but the percentage of infected cells dropped rapidly at higher and lower pH values.
At IO raM, tris-HCl, pH 8"o, was found most effective in stimulating infection of soybean protoplasts by SBMV (Table z, Expt. 2). No infection was obtained using potassium * Protoplasts were inoculated in the presence of 2 Itg PLO/ml, a buffer as indicated, and either 5 #g CPMV/mt plus 0"5 mM-CaCI2 in Expt. I or 5 lLg SBMV/mt Linsmaier and Skoog salts at one-half media concentration in Expt. 2. Protoplasts were harvested 48 h after inoculation and stained with fluorescent antibody to determine the percentage of CPMV-or SBMV-infected protoplasts. phosphate buffer at pH 6"3 or potassium citrate buffer at pH 5"2. Buffers with higher dissociation constants were in general more effective than the others tested; however, the percentage of infection was not as high and the viability of protoplasts was lower than with tris-HCl. Tris-stimulated infection was found to be nearly independent ofpH over the range of 7"I to 8.6. * Protoplasts were inoculated with 5 #g CPMV/ml in the presence of 2/tg PLO/ml, Io raM-potassium phosphate buffer, pH 6'3, and amendments as listed. Protoplasts were harvested 48 h after inoculation and stained with fluorescent antibody to determine the percentage of CPMV-infected protoplasts.
t LS, Linsmaier and Skoog.
Poly-L-ornithine
Under the conditions used, PLO was essential for infection by CPMV (Fig. 3) . At 1.5 ttg PLO/ml of inoculum, maximum infection of 75 % occurred; further increase in PLO concentration did not increase the percentage of infected cells.
SBMV infection was also dependent on the presence of PLO. Inoculation was completely ineffective in the absence of PLO. At I #g PLO/ml, ~9% of the protoplasts were infected and when the PLO concentration in the inoculum was raised to 2 #g/ml, infection increased to 3o%. However, PLO levels above 2/~g/ml proved to be toxic to protoplasts.
Infection of soybean protoplasts by CPMV or by SBMV (Jarvis & Murakishi, I978) was possible in the absence of PLO only when a sulphonic acid buffer such as HEPES was used in the inoculum at pH 5"0. These buffers were found to be generally quite toxic at this concentration and were not tested further in this study.
Salt environment
Various salts were added to the inoculation medium in order to determine their effect on the percentage of cells infected by CPMV and SBMV. Table 3 shows the results of the addition of several salts to CPMV-inoculation medium. Expt. I showed that the cationic moiety of the salt largely determined the effect on infection. In both Expt. I and 2, all magnesium salts tested increased CPMV infection by about o, 4o/~. Addition of EDTA decreased infection considerably. A second divalent cation-containing salt, NiC12, completely inhibited infection by CPMV. None of the monovalent cations tested (Li +, Na +, K +) was effective at stimulating infection. Ca 2+ ions, however, caused a dramatic increase in infection. Both Expt. I and 2 showed that various concentrations of calcium salts stimulated between 57 and 65 % infection. In the presence of 0"5 mM-CaC12, 62 % infection occurred, nearly a sixfold increase over the non-amended control.
To investigate the possibility that a combination of stimulatory salts might allow a higher percentage of infected cells, magnesium and calcium salts were mixed in various proportions in the inoculation medium (Table 3 , Expt. 2). Infection stimulated by CaCI2 was not significantly increased by the addition of I mM-MgSO4. Linsmaier and Skoog (LS) salts (Linsmaier & Skoog, I965) at one-half media concentration (the salts present in the culture medium) contain ~o mM-NH4NO3, 9 mM-KNO3, 1.5 mM-CaCl2, o'75 mM-MgSO4 and 0-6 mM-KH2PO4. Inoculation into this mixture gave 6o% infection, which was similar to that obtained with CaCI2 alone. Infection by SBMV is also dramatically affected by the addition of divalent cations (Table 4) . However, the stimulatory effects of magnesium and calcium appear to be additive. These two salts could account for the stimulatory effect of LS salts on infection. Protoplasts were washed with either 0"3 M-sorbitol or o'3 M-sorbitol plus lo mM-CaC12 and inoculated with 5 ttg CPMV/ml in the presence of 2/ig PLO/ml, 1o raM-potassium phosphate buffer, pH 6'3. The inoculum medium was amended with o'5 mM-CaClz or not, as indicated. After inoculation, protoplasts were washed with o'3 M-sorbitol or o'3 M-sorbitol plus to mM-CaC12. Protoplasts were harvested 48 h after inoculation and stained with fluorescent antibody to determine the percentage of CPMV-infected protoplasts. Protoplasts, inoculated with 5 Pg CPMV/ml in the presence of 1.5 leg PLO/ml, lo raM-potassium phosphate buffer and 0"5 mM-CaCI~ for 2o rain at various temperatures, were harvested 48 h after inoculation and the percentage of fluorescence was determined by staining with CPMV-specific antibody. Fig. 4 shows the effect of CPMV concentration on the percentage of fluorescence in the absence and presence of salts in the inoculum. Without salts, infection reached a maximum ([5%) at I/~g CPMV/ml. MgSO4 generally increased the percentage of infection which reached a maximum of 4o % around [/~g CPMV/ml. Addition of o'5 mM-CaCI2 or LS salts at one-half media concentration, however, increased infection to over 7o % ; with CaC12 the maximum infection occurred at o'5 1~g CPMV/ml.
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Virus concentration
SBMV infection was much less efficient than CPMV infection. When half-strength LS salts were included in the inoculum, the percentage of infection rose slowly with increasing virus concentration and did not level off (z5 to 3o % infected) until z to 2"5/~g SBMV/ml. Less than 3 % of the viable protoplasts were infected at any virus concentration tested when these salts were omitted.
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Additional calcium effects Motoyoshi et al. (I974) have shown that infection is decreased when protoplasts are exposed to CaCl2 before inoculation. Therefore an experiment was undertaken to determine the effect of CaC12 on infection when incubated with protoplasts at different times during the inoculation and washing processes. Table 5 shows that inclusion of CaC12 in the preinoculation wash reduced the infection rate by one-half when CaC12 was also present in the inoculum medium; with no CaCl2 in the inoculum, infection increased slightly when cells were washed with CaCI2 prior to inoculation.
The presence of calcium in the post-wash solution did not affect the percentage of cells infected. However, under these conditions, calcium definitely affected the protoplasts. When CaC12 was not included in the wash medium, protoplasts clumped and became extremely difficult to resuspend. No calcium pre-wash experiments were done with SBMV.
Temperature of inoculation
To study the effects of inoculation temperature on infection, tubes of inoculation medium were equilibrated in water baths to temperatures between o and 35 °C after the IO min PLO-virus incubation period; protoplast pellets were briefly chilled or warmed in the water baths before inoculation. Fig. 5 shows that infection was lowest at o °C and rose sharply to about I2 to ~3 °C. Above this temperature, there was only a slow increase in infection with further increase in temperature. DISCUSSION We have developed the first workable system, to our knowledge, for the efficient inoculation of protoplasts isolated from tissue culture. This system has several advantages over those using protoplasts isolated from leaves. Perhaps most importantly, growth conditions for tissue culture can be precisely defined and regulated; thus, a reliable, easily maintained source of cells can be continuously available for isolation of protoplasts. Although it is possible that there is still some degree of non-uniformity in these cultures, such a system can avoid many of the problems encountered in using mesophyll-derived protoplasts due to the difficulties in maintaining source plants in a well-defined, rigorously controlled environment, and the added variation in tissue due to differences in age and position of leaf. In addition, sterility may be maintained in tissue culture-derived protoplasts indefinitely without the use of potentially interfering antibiotics necessary in mesophyll protoplast culture. This could allow extended studies of virus-cell interactions through cell wall regeneration and callus reformation.
Protoplasts have not yet been isolated from soybean mesophyll tissue, so that a direct comparison of infection of soybean tissue culture protoplasts with that of soybean mesophyll protoplasts cannot be made. CPMV infection of soybean tissue culture protoplasts can, however, be compared to CPMV infection of mesophyll protoplasts from both tobacco (Huber et al. 1977) and cowpea (Hibi et al. I975; Beier & Bruening, 1975) mesophyll protoplasts.
We have found that the tissue culture-derived protoplasts can be infected using basically the same inoculation procedures designed for mesophyll protoplasts with some modification in the composition of the inoculation medium. A comparison of these systems is shown in Table 6 where it can be seen that the time courses of development of CPMV infection in soybean and in cowpea protoplasts are nearly identical, as determined by local lesion assay. Infection of tobacco protoplasts by CPMV was somewhat slower, although maximum infectivity did develop within a 12 h period, corresponding to the period of rapid synthesis that occurred in the other two CPMV-protoplast systems. The time course of § Beier & Bruening (I976) . I] Hours after inoculation when over 9o ,% of final infectivity was detected. ¶ Minimum virus concentration in inoculum that yielded maximum infection of 5 x io 5 protoplasts/ml.
development of SBMV paralleled that of CPMV in soybean protoplasts with infectious virus first being detected at 15 h. This differed significantly from the soybean cell suspension culture-SBMV system which at comparable temperatures produced detectable virus only after 48 h (Wu & Murakishi, ~978) . Inoculation buffers which resulted in highest infection for the different host systems may also be compared (Table 6 ). Phosphate buffer was used successfully by Beier & Bruening (I976) for CPMV infection of cowpea mesophyll protoplasts and by us for soybean tissue culture protoplasts. It is interesting to note, however, that when citrate buffer was used in the inoculum with CPMV, 75 o~, of tobacco (Huber et al. I977 ) and 95 % of cowpea (Hibi et al. t975 ) mesophyll protoplasts could be infected but we were unable to detect any infection of soybean tissue culture protoplasts. Infection of soybean protoplasts by SBMV was stimulated only by buffers having relatively high pH values, with the best being tris-HC1. The effectiveness of tris-HCl was relatively independent of pH over the range of 7"3 to 8.6 in contrast to the sharp pH optimum demonstrated in CPMV infection in the presence of phosphate. This phenomenon may be due to a stabilization of the virions or virus RNA, the net effect being an increased specific activity of the virus. Mg 2+ concentration has been found to have a significant effect on SBMV stability (Sehgal & Hsu, I976) and Ca 2+ has been shown to have a similar stabilizing effect on turnip rosette virus (Hull, ~978) , a member of the SBMV group (Hull, J977)-On the other hand, Ca 2+ in particular could be altering the charge or configuration of the protoplast membrane, causing the cell to become more receptive to infection. However, if the protoplasts were first washed with lo mM-CaCI2 solution prior to inoculation, the enhancement of infection by the presence of Ca z+ (o'5 mM-CaC12) in the inoculation medium was lost (Table 5 ). This would seem to indicate that Ca 2+ had a direct effect on the protoplasts which, in this case, was inhibitory rather than stimulatory, but the Ca 2+ effect might be concentration dependent. Further studies on the effect of Ca 2+ on CPMV or SBMV infection of soybean callus protoplast were not attempted.
The temperature studies showed that the percentage of protopIasts infected by CPMV was reduced markedly below 13 to 15 °C (Fig. 5) , a phenomenon apparently not found in other virus-protoplast systems. Indeed, the reverse has been found by Alblas & Bol (2977) in the enhancement of infection of cowpea mesophyll protoplasts by alfalfa mosaic virus when the inoculation temperature was reduced to o °C. With cowpea chlorotic mottle virus and tobacco mesophyll protoplasts, inoculation at o °C gave almost as much infection as inoculation at 15 °C (Motoyoshi et al. 2974) . In our temperature experiments, the transition appeared to be rather distinct between the great increase in infection, particularly at low temperatures and a very small increase above 23 to 25 °C. This observation, if substantiated by further experimental data, would be valuable for understanding virus-membrane interactions.
Quantities of virus required to obtain maximal infection of protoplasts were similar in the four systems compared (Table 6 ), although infection of soybean tissue culture protoplasts did require slightly lower quantities of CPMV for maximum infection than did the other protoplast-virus combinations. We have found that PLO is necessary for infection of soybean protoplasts by both CPMV and SBMV (Table 6 ). This requirement was also observed for tobacco protoplast infection by CPMV (Huber et al. t977) , although cowpea mesophyll protopIasts may be infected to a very high percentage with this same virus without PLO. It has been suggested by Takebe (I978) that polymers, such as PLO, decrease the repulsion between the negatively charged membrane and the virus, thus stimulating binding. According to this theory, the membrane surface potential of cowpea may be more negative than that of soybean and tobacco. Virus charge may also be a factor in early interactions. For example, pea enation mosaic virus (PEMV) which has a relatively high isoelectric point, is able to infect tobacco protoplasts without PLO (Motoyoshi & Hull, 2974)-It should be interesting to determine whether PEMV, reported to be a soybean pathogen (Sinclair & Dhingra, 2975) , could also infect soybean protoplasts without PLO. Recently, bean pod mottle virus, which also has a high isoelectric point, has been shown to infect soybean protoplasts without a requirement for PLO, which could be expected if virus charge were indeed a factor (Lesney & Murakishi, ~979b) .
The most outstanding difference between inoculation conditions required for infection of mesophyll protoplasts previously reported and the soybean tissue culture protoplasts infection reported here is the requirement for divalent cations, particularly calcium, in the inoculum. We have observed that the addition of 0"5 mM-CaCI~ increased CPMV infection of protoplasts by sevenfold, and the addition of I m~-MgSO4 and o'5 mM-CaC12 to the SBMV inoculum increased infection of that virus by approx, lo-fold. To our knowledge, stimulatory effects of divalent cations are unprecedented in mesophyll protoplast studies.
Because of the characteristics and requirements of this system, it may prove to be useful in studies of early events in virus infection, attachment and uptake. Also, because of the efficiency and reproducibility of infection and sterility of preparations, tissue culturederived protoplasts should be easily adaptable for molecular virology studies.
